In this paper we consider the problem of effective browsing of collections of images. In particular, we address those situations where it is necessary to find a limited number of images satisfying certain criteria, as well as the very common case in which the user, not having a clear idea about what to search, needs to explore the entire picture database to identify what he or she simply likes. The approaches we propose try to find good trade-offs between browsing time and quality of the exploration. The article has a twofold purpose: on the one hand, it presents a selection of the new image display methods we have developed in the last years, which differentiate from those considered to date by the Information Visualization community; on the other hand, it illustrates the results obtained through comparative tests performed on a subset of the developed display modes, with the main aim to prove the feasibility of their use as substitutes for the usual "grid" arrangement.
Introduction
In the last years, the use of images as a form of communication has increased exponentially. Graphical representations have become part of many aspects of our life, and technologies such as the Web and multimedia mobile telephony are now at everyone's disposal, both for what concerns costs and ease of use; moreover, while in the past only specialists could actually work with pictures, nowadays almost anyone who is able to use a PC can create, modify and use graphical representations.
In many cases, we need to deal with large collections of images, and we want to select only some pictures according to certain criteria. For example, we may be interested in finding pictures with well-defined features, such as specific contents or technical properties; or, on the contrary, we may want to browse the database to search for something that only we can judge as suitable for our purposes. Consider the following "browsing situations": (i) All the images complying with some criteria must be found: an exhaustive search will probably be necessary, thus requiring long times (usually proportional to the number of images in the database). (ii) Only some images complying with particular criteria must be found: in this case, using fast visualization methods able to display many pictures on the screen may shorten the search time, even if some images might be missed. Of course, the less precise the discriminating features are, the faster the visualization rate can be (for example, it will be generally easier to identify, at a glance, generic "seascape images" than pictures containing "a lion chasing a gazelle"). (iii) No criteria can be identified a priori to search the database: typical cases are when the user simply desires to get "an idea" of the content of the collection, or wants to select one or more images that just impress him/her, independently of their content. Also in these situations, the use of fast display techniques can be useful to abbreviate the search time, at the expense of search accuracy.
Of course, in the case of more or less defined search criteria, the problem of efficient retrieval of images within a database has also been considered under the traditional query-based approach.
In indexed systems, each image has textual information (manually) associated with it, which allows the user to formulate requests in the form of query strings. The main limitation of this approach, however, lies in the high subjectivity of descriptive text, as different system administrators may choose different keywords to describe the same picture content/features.
1 Moreover, to be really effective, this technique requires the user to learn how to properly formulate queries, and this may not be an easy task for the general/occasional user, even when "query by examples" approaches are adopted. Unlike indexed systems, Content-Based Information Retrieval (CBIR) methods exploit intrinsic characteristics of images (such as mathematical measures of color, texture and shape 2 ), which are compared with those of templates to be searched for. Unfortunately, with these techniques it is usually very difficult to address the search for complex semantic content, where the identification of different elements may be required simultaneously.
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In addition to these general problems, we should not forget that in most cases (like in the home context) indexed and CBIR systems are simply not available: the user has to browse the set of images manually. Therefore, efficient exploration of large image collections remains an important challenge.
If a databases composed of few pictures can usually be browsed in short times using "traditional" visualization methods (for example, grid arrangements), when the number of images increases the browsing task may become lengthy, boring and frustrating.
Our work originates from the will to find alternatives to current visualization techniques for large image databases, with the aim to design, implement and test graphic interfaces allowing effective and fast explorations of picture collections. The methods devised try to answer the different needs of potential users, guaranteeing good results both when the purpose is to find one or more images obeying to definite criteria, and when the user has not a clear idea about what to look for. Actually, starting from the assumption that in many cases the user does not really know precisely what to search, we pay special attention to this second case. Consider, for instance, the search for pictures to be included in greeting cards for decorative purposes: simply, we may want to find images that we like, not pictures with a specific content -for our purposes, a mountain landscape may be as suitable as children playing in a garden; and even within a theme, such as "Christmas", we might choose Santa Klaus on a sledge instead of a Christmas tree just because it is nicer. Therefore, the user should be always provided with "global views" of the whole database, so as to be really able to select what he/she is interested in: which is a typical problem of Information Presentation. Within the general field of Information Visualization, which studies effective visualization solutions in general, Information Presentation is just focused on ways for rapidly presenting the user with some kind of data; in our case, images.
In the context of Image Presentation, this paper has two main purposes:
• to present a selection of the new image display methods we have developed, which differentiate from those considered to date by the Information Visualization community; • to show the results of our comparative tests performed on a subset of the developed display methods, with the aim to prove the feasibility of their use as substitutes for the traditional grid arrangement.
The article is structured as follows. Section 2 examines the major techniques developed in the past for rapid image browsing. Section 3 describes some image presentation systems we have implemented in the last years. Section 4 presents the results obtained through our experiments. Section 5, at last, draws some conclusions.
Background: Main Existing Methods for Image Browsing
Methods for image visualization and browsing can be subdivided into two main categories: two-dimensional (2D) and three-dimensional (3D). In turn, these methods can be both static and dynamic.
The most common 2D visualization technique is surely the grid, where pictures are arranged according to a matrix layout. The grid usually requires vertical/horizontal scrollbars, to scroll the screen content when all the images cannot be displayed in the available screen area. This may cause some problems in case of big databases, as small movements of the scrollbars may produce big shifts of the grid. A possible solution proposed to solve this drawback comes from the SDAZ method. 4 Acronym of Speed Dependent Automatic Zooming, SDAZ is a technique which dynamically controls grid zooming according to the speed of the scrollbar: the faster the scrollbar, the less the zoom applied to images. An improvement of SDAZ also exists, 5 with a better (more gradual) use of scrolls and zooming.
Among other "famous" visualization techniques based on the grid or its variants, we can cite PhotoFinder, 6 a photo annotation tool through which the user can add captions and edit images, and PhotoMesa, 7 an application which allows multiple directories of images to be viewed in a zoomable environment. Sometimes, pictures are also clustered according to histogram-based approaches or other strategies, so that they can be hierarchically browsed in non-linear manners 8 or arranged according to their mutual similarity. 9 In a less standard approach, 10 images, after optional filtering through metadata, are randomly "collaged" on the display. Although the grid is undoubtedly the most widespread arrangement for image display, two other relatively common visualization methods are the radial display, where pictures are arranged along the median and diagonal lines of the screen, and the elliptical display, where images are arranged according to concentric ellipses. Unlike the grid, which generally exploits all the available area on the screen, these visualization modes occupy only a portion of it, in favor of a (potentially) higher clearness in image display. However, since we are mainly interested in visualization techniques able to show many images at once, the radial and elliptical displays usually do not suit our needs.
Among dynamic visualization methods, those pertaining to the RSVP group deserve special attention. RSVP stems from Rapid Serial Visual Presentation and indicates a visualization mode where images are displayed in sequence, in the same location, for a short period of time (e.g. 200 milliseconds).
11 Several variants have been proposed which are more or less directly connected to RSVP. 12 According to the kind of movement and to the arrangement of images on the screen, the following main presentation modes can be distinguished:
• Mixed: like in the original RSVP display, which can be called slideshow, images appear sequentially, but are gathered in groups of four (or possibly more) pictures 13 (Fig. 1a) ; • Ring: images appear at the center of the screen, rotate around it, and then disappear through the upper edge (Fig. 1b) ; • Stream: images flow, one after the other, along a hyperbolic trajectory, starting from the lower right corner of the screen and disappearing in the opposite corner, with a perspective effect (Fig. 1c) ; • Carousel: similar to the ring presentation mode, small images exit from the left side of an icon (usually depicting a folder), horizontally centered in the lower part of the screen, and rotate clockwise, eventually entering the right side of the icon and disappearing there (Fig. 1d) ; images' sizes increase as they reach the upper
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part of the screen, and decrease in their "descending" phase. A 3D version of the basic method has also been proposed;
14
• Diagonal: images move from the lower right to the upper left corner of the screen (or vice versa), one after the other, with partial overlaps and possibly with a perspective effect 15 (Fig. 1e ); • Floating: similarly to motorway signs which seem to move towards the driver, images appear, in small sizes, about at the center of the screen, progressively enlarge and disappear at the four sides (Fig. 1f ); • Collage: pictures appear rapidly, one after the other, in random positions on the screen, like if being thrown onto a table (Fig. 1g) ; an early, famous, version of this presentation mode, called Rapid Fire Image Preview (RFIP), presented multiple images in the service of navigation in Web information spaces. 
In another famous example of system based on an RSVP-like visualization mode, this time manually controlled, a collection of video posters can be browsed according to a "bifocal approach" 17 ( Fig. 1h) . A very early application of this concept can be also found in the Perspective Wall, 18 in which, using a three-dimensional perspective effect, all the "data" in a set could be displayed together, but maintaining the focus on a non-distorted region.
New Proposals
The presentation modes described in Sec. 2 are important examples of alternative methods to speed up the picture inspection process, compared to the grid arrangement. However, of course, they are not the only possible solutions devisable in the image presentation context. With this in mind, since a few years we have concentrated our efforts on studying new visualization modes (some of which, more informally, have already been presented 19, 20 ) that aim at improving the browsing experience. In this paper we present a selection of them -those which, in preliminary tests, provided the best results. Each technique is based on a specific metaphor, from which we drew our inspiration.
In the following subsections, we will briefly describe some of the presentation methods we have developed (using Adobe Flash), namely: (1) Fountain, (2) Volcano, (3) Regular Cylinder, (4) Random Cylinder, (5) Cube of Grids, and (6) Elastic Image Browser.
In all the methods, when the user clicks on an image, it is saved (in full size) in a repository, where it can then be inspected in detail.
Fountain
In the Fountain visualization technique images are "spurted" upwards randomly from the lower middle point of the display area, and then they fall back downwards, disappearing when crossing the bottom edge (Fig. 2) . When a picture reaches the left or right edge, it is bounced back. Parameters modifiable by the user are the "rising time" t r (the average time, in seconds, necessary for an image to reach its uppermost position), the "falling time" t f (the average time, in seconds, necessary for an image to drop down and disappear) and the "emission frequency" e (how many images are produced per second). On average, the number n of images displayed simultaneously (including the one which is being sent out) will be:
(1)
Volcano
Like lava, in this method images are "erupted" by the central "crater" of a virtual volcano (seen from above) and, with a perspective effect, slide down laterally along the virtual slopes (Fig. 3) . While the user's focus of attention is centered in the screen midpoint, a global view of the leaving pictures can be always maintained.
Since image directions are random, partial overlappings are possible (the penalty to pay in favor of high browsing speeds). Parameters modifiable by the user are the number e of images emitted per second, their speed and their scale. If t is the average time, in seconds, for a picture to disappear through the display edges, then, on average, the number n of images presented simultaneously (including the one which is being generated) will be: 
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Regular cylinder
In the Regular Cylinder display, images are arranged, in an orderly way, on the lateral surface of a horizontal, virtual, rotating cylinder, as shown in Fig. 4 . Images in the background are displayed with a semitransparent effect, so that the user can always have a global view of the collection. The rotation speed is controlled through a slider. If r is the number of rings, each one containing i pictures, then the number n of images in the foreground will be:
(the other half will be partially visible in the background).
Random cylinder
In this kind of display, images are randomly arranged on equidistant rings around the central axis of a virtual, rotating cylinder (Fig. 5 ). Both the distance of each image from the axis and the distance between consecutive pictures on a ring are random, and therefore so is the number of images in the foreground. Like in the regular cylinder, pictures in the background are displayed with a semitransparent effect, and the rotation speed can be varied through a slider.
Cube of grids
In this visualization method (Fig. 6 ), images are arranged on eight grids virtually anchored to the vertices of a virtual cube, which rotates around the vertical and horizontal axes (the two speeds are controlled by the user through sliders). Grids in the background are displayed with a slight semitransparent effect, in order to always maintain a clear separation of pictures on each grid. The number of images in each grid and their size are parameters modifiable by the user. In general, apart when a face of the virtual cube is straight in front of the observer, there will be one frontmost grid, and the other seven will be positioned according to the cube orientation.
Elastic Image Browser
The Elastic Image Browser (EIB) derives directly from the most common image presentation method, i.e. the grid. As already stated in Sec. 2, having pictures arranged within a table is a simple and practical solution, but, if their number is very high, many scrolling operations are necessary. Sometimes, however, rather than precisely understanding what is portrayed in an image, the user may be satisfied with an idea of its content. Therefore, why not allow the user to decide, in a direct manner, the display size of pictures? Or, to go even further, why not allow the horizontal and vertical scales to be independently set? This is the inspiring principle of EIB, which is shown in Fig. 7 .
Through the left and upper sliders, the user can choose, respectively, the vertical and horizontal "shrinking levels" of the visualization area (70% and 14% in Fig. 7 ). This way, the "amount of scrolling" through the scrollbars will be reduced, at the expense of image deformation. The extreme case is when both the horizontal and vertical shrinking is 100%: as shown in Fig. 8 , all the images (in our prototype, one thousand) will be displayed, at very small sizes. When the mouse cursor is on a picture, it is enlarged to full size.
Since having to scroll the display area both vertically and horizontally may be annoying, EIB allows pictures to be arranged so that only vertical or horizontal scrolling operations are necessary. Correspondingly, scale reduction will be possible in one of the two directions only. The extreme situations in these cases (100% shrinking) produce "flat" images, as shown in Fig. 9 .
Considering the most common case, in which only a vertical scrolling/shrinking is possible (Fig. 9(a) ), if n is the total number of images, c is the number of columns in the grid, r is the total number of rows (= n/c), v is the number of rows visible when there is no shrinking and p is the selected shrinking level (in percentage), then the number r v of rows currently visible is given by:
Although it may be difficult to identify an image with a particular content when shrinking levels are high, sometimes, as already stated, a "vague idea" may suffice.
For example, independently of the subject portrayed, the user might be interested in pictures with a "predominant red component", because they suit a particular context. Thanks to its adjustable horizontal and/or vertical scales, EIB can be always adapted by users according to their preferences, ranging from normal grid display to the extreme cases shown in Figs. 8 and 9.
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Comparative Tests
We stress again that the main purpose of our visualization methods is to allow users to efficiently browse image databases to find the pictures they "like most", rather than perform precise and exhaustive searches within image collections, targeted at specific content. However, to get some kind of objective results, quantitative tests are also necessary, as they are much more controllable than qualitative investigations.
Each method described in Secs. 3.1-3.6 was tested several times after its implementation, and compared with the grid (the most common image browsing technique) in focused experiments. With regards to this display mode, we used two different versions, to account for the two different interaction modalities that can be encountered in everyday use. In the first version, which we simply call "grid", images are statically displayed, and different sets of pictures can be shown by pressing a button (like when, on the Web, new sets of thumbnails are loaded by clicking a "next" link that displays a new page). In the second version, which we call "sliding grid", the grid is automatically scrolled down (like, for example, when browsing image thumbnails within a folder); we opted for an automatic movement instead of a manual scrolling to limit the subjectivity of the action.
Test methodology
A total of 34 testers took part in the experiment, 19 males and 15 females aged between 22 and 61, all with basic computer abilities. The test procedures were carried out in a controlled environment, through web pages locally loaded, using Flash-enabled browsers and a 17" LCD screen.
For each visualization method we employed (different) sets of 650 images, each one containing 20 pictures (randomly distributed) pertaining to a specific theme, namely cars, aircrafts, ships, flags, horses, sunsets, tigers and planets. Indeed, we could have also used more images, but in some methods (e.g. cylinders) this would have meant to display smaller pictures, which do not guarantee a clear visualization of their content. Of course, in the tests we maintained the sizes of images about the same for all the display modes. It is also to be noted that while in the original systems the user can move through several screens (each one containing a different set of pictures), and thus the number of images is practically unlimited, for the tests, apart from the grid, we opted for a single screen environment, to better investigate the "single view" power of the developed methods. Results, however, can be easily generalized to multi-screen visualizations.
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The set of images and the search theme were different in each method. The themes relative to a specific method were subjected to turnovers among testers, to reduce the influence of the kind of theme on the search process (as some subjects may be easier to identify than others).
Since each visualization mode is characterized by parameters, which can be controlled by the user in the real browsing systems, in our tests we maintained some of them (e.g. the animation speed) fixed. Although this may seem a weakness of our trials, it was necessary to limit the otherwise very high number of experiment variables, which would not have allowed to carry out the tests with the methods in reasonable times. In point of fact, our tests were not mainly aimed at comparing the developed display techniques each other, but, rather, at confirming that they can be better than the usual grid arrangement. For our experiment, we chose settings that we judged "optimal" through preliminary tests. Of course, animation speed and other parameters do influence the performance of each technique, and in the future we will also carry out more focused investigations to find direct relations between each parameter and the results provided by each method. As it can be easily understood, however, due to the number of variables involved, these tests will need extremely careful planning, and will be quite lengthy (an entire paper is for example necessary to analyze two slight variants of the grid representation 21 ).
In this first but very important stage of the experimentation we focused on the "formal" comparison of our display techniques with grid solutions, leaving the assessment of the efficiency of each display mode weighed against the others on a more "informal" -yet useful -level. We think that the results obtained provide significant indications about the developed display techniques and their feasibility as substitutes for the usual grid arrangement.
The tests were preceded by a training phase, during which the participants got acquainted with the visualization methods (with sets of images and themes to be searched for different from those used in the experiments).
In the actual tests, each tester, for each technique, was asked to search for the first 7 images (35% out of the total, 20) corresponding to one of the themes. The time limit for the search was set to 2 minutes. Once the seventh image was found or the time was up, the tester could proceed with the next display mode, by simply pressing an 'End test' button. We made such choices for two reasons. Firstly, we were not interested in exhaustive searches, since first round tests suggested that our techniques are more effective in the search for a limited number of images within a wider set rather than in finding all the pictures with specific features. Secondly, 2 minutes are a quite reasonable time interval to find 7 images within a set of 650, and if the tester is not able to accomplish the task within this limit, the method is very likely not to be an effective solution (for that specific user).
The order of tests was random. For each technique, and for each tester, the following data were recorded:
• the number of images correctly selected, i.e. pertaining to the right theme; the selection simply occurred with a click of the mouse (and displayed the image, enlarged, in the upper left corner of the screen, so that it could be actually recognized as right or wrong); • the number of images wrongly selected (i.e. not pertaining to the right theme);
• the time taken to accomplish the task (i.e. the time necessary to find up to 7 images, with the limit of 2 minutes).
After testing all the methods, each tester was also asked to express a subjective judgment on each one of them, with values from 1 (lowest "satisfaction") to 5 (highest "satisfaction"). The test web page, for each method, contained:
• the display area;
• the name of the method;
• the name of the theme to be searched for;
• a button to end the current test and proceed with the following one;
• a button to pause the animation, for methods implying movements; • a sample image depicting the theme. 
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Test results
We report here the results obtained in our tests, calculated as the arithmetic means over the 34 testers. From the number of images correctly found, the number of images wrongly selected and the time taken to accomplish the task, we have also derived two "quality indexes":
• the Search Efficiency E = C/T , where C is the percentage of images found over the total number of images to find (7) and T is the search time (120 seconds at most); • the Penalized Search Efficiency E p = C p /T , where C p = C −W , C is the percentage of images correctly found, W is the percentage of images wrongly selected and T is the search time.
The following values were imposed for the parameters of each method: Fig. 15 . User "satisfaction" (how much each method was appreciated, 1-5).
Discussion
We propose now an interpretation of the results obtained in the tests.
• Correct images found. As you can note from the histogram in Fig. 11 , the percentage of correct images is rather high with all the methods, and this confirms their accuracy in the exploration of the database.
• Wrong images selected. Also results about the number of wrong images (Fig. 12) are good, considering that in some pictures the subjects were not very clear and in some methods images overlap each other.
• Search times. Analyzing search times (Fig. 13) , the best results are given by the Regular Cylinder and the Elastic Image Browser, while the worst outcomes seem to be those of the Cube of Grids and the Sliding Grid. The Regular Cylinder, with its image arrangement which resembles the grid but also exploits part of the background for image display, turns out to be a good solution, able to reduce appreciably the search time. The Elastic Image Browser too has shown very good performance, even with the image distortion due to the vertical compression: generic but well-defined themes are anyway correctly recognizable. Also the Volcano seems to be a valuable solution for rapid image presentation: even if the focus of attention is concentrated in the center of the screen, "old" images can still be observed while moving towards the edges of the display area. The next visualization mode with the best search time is the Cube of Grids, which probably derives its qualities from the combination of the standard grid arrangement and the motion of the eight grids, with semitransparent effects of images in the background. In the Random Cylinder, images are distributed on fewer rings than in the Regular Cylinder, and this allows a better visibility of pictures in the background; however, their partial superimpositions make the technique a little less effective than the Regular solution. The Fountain seems to be the less efficient among the new methods included in the test; actually, while there is a precise point where images originate, their motion is characterized by an ascending phase followed by a descending stage, and their combination (some pictures are going up while others are falling down) probably flusters a little the user. The two grid solutions are those with the worst performances (even if differences with respect to the Random Cylinder and the Fountain are not so relevant). Although the grid arrangement is the most widespread, it seems to be less efficient than the other display modes when the purpose is to find a limited number of target images within a set. Thanks to its "regularity" -users can more easily understand/remember which pictures they have already looked at -the tabular solution can be the best choice when exhaustive searches are necessary. With regards to the (slight) difference between the performances of the two versions, still and sliding, it is surely to be attributed to the effect of the continuous movement of the second, which makes it a little more difficult to focus on specific images.
• Search Efficiency and Penalized Search Efficiency. The Search Efficiency (Fig. 14) reflects search times: it is usually greater for lower search times and vice versa. The only exception is given by the Fountain and the Grid, since this last method receives a better score than the first one, even if its search time is (slightly) higher. Results, however, are different for the Penalized Search Efficiency: while the Regular Cylinder and the Elastic Image Browser are still the best visualization modes according to this quality index, the third method is not the Volcano, but the Sliding Grid. Actually, remembering that the Penalized Search Efficiency depends on the number of wrong images selected, such results should not be surprising. Regular arrangements such as those based on the grid make it more difficult to mistake a certain content theme for another, while methods where images move (maybe in different and random directions, like in the Fountain) are more subject to errors: at a first glance, a picture may seem to depict a certain content, and therefore it is rapidly clicked without thinking twice, but actually the selection is wrong. Analogously, the Random Cylinder and the Cube of Grids have several images superimposed, which make themes more difficult to recognize.
• Satisfaction. At this point, a question may arise: if the purpose of the search is to find a certain number of images with specific features, why should we consider the Penalized Search Efficiency too? Should not be enough, for our needs, search times and search efficiencies? The answer is undoubtedly yes: if only the achievement of the main aim matters, then it is not necessary to consider a quality index involving the number of wrong images selected. However, important points should be considered in this regard: Does the selection of more images involve a higher cognitive load for the user? May this result in a more "frustrating" search experience? The answers to such questions are beyond the scope of this paper, but some suggestions might come from the observation of the "Satisfaction" histogram ( Fig. 15) . In fact, the Cube of Grids, the Random Cylinder and the Fountain, characterized by the lowest values of Penalized Search Efficiency, receive also the lowest satisfaction scores by users, and this seems to confirm our suppositions.
Conclusions and Future Work
In this paper we have presented the main image display methods developed to date by our research group, aimed at improving the traditional visual browsing activities based on grid arrangements. Encouraged by the RSVP approaches proposed in the near past, we have studied and implemented new visualization techniques which can display many images on the screen in short times. Rather than focusing on exhaustive searches, we have considered those (very common) cases where the user needs to find some pictures complying with certain criteria, not all. This also in consideration of the fact that, very often, users do not really know precisely what to search, but simply want to find what they like.
The main purpose of the global test we have described was to demonstrate that the display techniques implemented can perform better than grid solutions. Even with the constraints imposed by the choice of specific values for the parameters, the results obtained have provided us with very meaningful indications. A next step in our research will be to design tests to evaluate the quality of each technique considering all of its factors.
Moreover, we are now considering the use of an eye tracker (a special computer screen able to acquire data about the user's gaze) as a source of information. The analysis of eye activities may in fact provide further clues on image display methods, which cannot be obtained through ordinary tests. While measures such as search time and search efficiency are certainly good indicators of how a technique is effective in searching target images, other important elements could be taken into account. For example, the analysis of the lengths of eye paths may reveal that, on average, a display mode A requires more "eye movements" than a display mode B, even if it has a better search efficiency; and this may suggest that A is less suitable than B for lengthy searches (many images to find), because it strains more the user's eyes.
